Within the IEB framework, the Chair of Energy Sustainability promotes research into the production, supply and use of the energy needed to maintain social welfare and development, placing special emphasis on economic, environmental and social aspects. There are three main research areas of interest within the program: energy sustainability, competition and consumers, and energy firms. The energy sustainability research area covers topics as energy efficiency, CO2 capture and storage, R+D in energy, green certificate markets, smart grids and meters, green energy and biofuels. The competition and consumers area is oriented to research on wholesale markets, retail markets, regulation, competition and consumers. The research area on energy firms is devoted to the analysis of business strategies, social and corporative responsibility, and industrial organization. Disseminating research outputs to a broad audience is an important objective of the program, whose results must be relevant both at national and international level.
Introduction
Within the European Union (EU) 2020 energy strategy, the Third Energy Package aimed to complete the liberalization process, and the Climate and Energy Package implemented the targets for 2020 (known as the "20-20-20" targets). One of the targets was raising the share of EU energy consumption produced from renewable resources to 20% (Directive (2009/28/EC). EU countries embraced this target promoting the production of electricity from renewable energy sources (RES), and the feed-in tariff (FIT) regulation is the wider spread promotion scheme used to encourage the take-up and development of generation from RES. Basically, under the FIT regulation a specific price is guaranteed per electricity produced by generators of the targeted technologies.
In most EU countries the costs of resources devoted to promote the production of electricity from RES are borne by final consumers. Recent years' recession has made Europe's governments, industry and consumers worried about high energy prices, and some blame is attributed to climate policies in general and to FIT in particular. In Spain, around 8 Bn Euros a year, on average, have been devoted to promote the production of electricity from RES during the last four years. This amount of resources represents around 12% of the industry GDP. Given that these costs are translated to final consumers through the electricity bill, it is worth thinking over the implications that this policy has on retail prices. Electricity is a highly relevant economic factor, therefore, policy and regulatory decisions affecting its price should be deeply analysed given the direct effect that energy prices have on the production costs of firms and, hence, in terms of welfare. However, there is no empirical assessment of the actual impact that this scheme has over final consumer (retail) prices.
Two components of the electricity retail price are expected to be influenced by FIT regulation; the incentive to those firms producing electricity from RES and the wholesale price of electricity. On the one hand, from the characteristics of the electricity wholesale price (WP) formation (merit of order) and the low marginal cost of renewable energy generation, the introduction of RES in the energy mix is expected to exert a downward pressure on the WP of electricity. This effect over the WP is represented on the Wholesale Market graph in Figure 1 . On the other hand, from the regulatory design of the incentive mechanisms the FIT costs (FITC) are charged to the final electricity consumers. Hence, acting over the electricity retail price in opposite directions (see Retail Market graph in Figure 1 ), both components are functions of the proportion of renewable sources in the energy mix. Therefore, to assess the overall effect of RES promotion the research question is on the relative intensity that these two components exert over electricity retail prices.
Figure 1: FIT Regulation Effects
With the exceptions of Finland and The Netherlands where the FITC are completely financed by general taxes, in EU countries the costs of promoting RES are borne by final electricity consumers. Depending on the regulatory design, the FITC might be translated into the electricity prices by two basic ways; non-tax levies and pass down to end users of suppliers costs (CEER, 2013) 1 , and in both the FITC are translated to the retail price after the wholesale price is set. Hence, the more common regulatory design is one in which the FITC are borne by final consumers without impacting the wholesale price market formation mechanism. This, along with the data availability for Spain, and the fact that in the EU context Spain is one of the countries with the highest renewable power capacity 2 (with Germany and Italy), wind power generation penetration (with Germany and Denmark), and solar power generation penetration (with Germany), are the main reasons why this study is applied to Spain.
In order to stimulate the development of certain technologies, the basic feature of FIT is to guarantee generators of the targeted technologies a specific price per electricity produced. In Spain the FIT is granted to generation from RES and cogeneration plants with an installed capacity below 50MW (this is the so called Special Regime -SR). To take into account that different technologies have different levels of development and generation costs, the supports are technology-specific granted. Figure 2 shows the yearly average FITC (in A C/MWh) in Spain by technology during the last four years. While solar technology was granted with an average of 375 A C/MWh produced, in the case of wind and small hydro was an average of 83 A C/MWh, for cogeneration (COG) and other renewable the average FIT was 110 A C/MWh.
It is also important to highlight that wind and solar technologies make different contributions of electricity to the system during the day, which are characterized by different demand profiles. While wind power contribution is in relative terms higher during off-peak hours, the Source: Own elaboration based on Spanish national regulatory agency information opposite happens with solar power which is generated during daylight (peak hours). Moreover, the technologies within the FIT scheme provided different contributions to the energy consumed (see Figure 3) ; while during the last years wind covered on average around 20% of the total load, solar covered 5% in the best case, small hydro only 3% or less, other renewable 2% or less, and COG (non-renewable) covered about 13% of the load. Hence, technology specific considerations are important not only from the FITC perspective but also on the WP perspective, and this is carefully taken into account in the empirical study presented here. To the best of our knowledge, none of the previous work has assessed empirically from a disaggregated perspective the effect from both determinants (FITC and WP) on retail price. Therefore, this paper aims to contribute to the empirical analysis of the effect that the FIT regulation has over the electricity retail price for industrial consumers by quantifying the relative intensity of the FITC and the WP of electricity. Especial attention is devoted to technology-specific considerations, as well as short and long run effects. This article is organized as follows. Section 2 summarizes the links to the existing literature. Section 3 describes the data and models used to estimate the retail price effects of the feed-in tariff regulation. Section 4 presents the estimation and results of our analysis. Finally, section 5 discusses, interprets, and contextualizes our findings.
Links to the existing literature
Previous studies for different countries have analyzed (ex-ante and ex-post) the additional cost from supporting FIT, estimated the potential benefits from the merit of order effect, and compared aggregated figures of the potential cost savings from higher RES to direct costs of the FIT. Below we describe the main finding of these three closely related branches of the energy economics literature.
Numerous ex-ante studies calculate the additional cost from supporting schemes to electricity generated from RES. As previously mentioned, some properties of RES generation could also potentially counteract the upward-price effect associated with FIT regulation. In the wholesale electricity market the supply curve is constructed by ordering the bids of all generators from lowest to highest. These bids should equate the marginal costs of the generators and, therefore, the supply curve reflects the aggregate marginal cost curve for the market (if no market power exists). The market price is set at the intersection of the supply and demand curves, and all generators with lower marginal costs serve demand receiving this uniform price. The introduction of technologies under the FIT tends to shift the supply curve to the right, due to its low marginal cost of generation, which pushes more expensive marginal plants (e.g. coal, combined cycle, petroleum, etc.) out of the market, and exerts a downward pressure on the wholesale price of electricity (see Wholesale Market graph in Figure 1 ). This is called the merit of order effect, a well documented feature of wholesale prices in context of FIT.
Traber and Kemfert (2011) , using a mixed complementary program computational model, find that higher wind supply reduces German market prices by more than 5%. Gelabert et al. (2011) , using a multivariate regression model of daily average Spanish electricity prices for 2005 to 2009, also find that a marginal increase of 1 GWh of electricity from RES and COG is associated with a reduction of 1.9 A C/MWh (3.7%) in wholesale electricity prices. Following a similar methodological approach Würzburg et al. (2013) find that in Germany and Austria electricity price fell by roughly 1 A C/MWh (around 2% of the electricity price) for each additional GWh of average daily renewable electricity generation between July 2010 and June 2012.
Finally, there are studies that, in an attempt to account for both effects, compare the potential cost savings from higher RES to direct costs of the FIT with either or both effects considered at an aggregated level. This is the case of the study by Sensfub Our research is related with the above literature, more closely related to the last group given that we account for both effects, although from a disaggregated perspective. More precisely, through the estimation of three econometric models, this paper contributes to the empirical assessment of the effect that the FIT regulation has over the industrial retail price of electricity by quantifying its sensibility to the incentives for electricity generation under the FIT and the electricity wholesale price. Especial attention is devoted to technology-specific considerations. In the next section we present the empirical approach and the data used to perform the analysis of the effects that the FIT regulation has on Spanish electricity retail prices for industrial consumers.
Data and methods
The empirical assessment of the effect that the FIT regulation has over electricity retail price (RP) has been developed through the estimation of a RP equation which allows us to quantify the relative intensity of the effects from both the FITC and the WP of electricity. This assessment is performed in a two steps strategy using weekly data. First, we estimate an inverse supply equation Eq.(1) where WP as function of the energy supply mix and the load (equilibrium quantity), and a FITC equation Eq.(2) capturing the effect that the daily electricity production by RES and COG has on the cost per unit of electricity consumption. Second, we introduce the estimates of WP and FITC (along with additional controls) into the RP equation Eq.(3) to evaluate the relative intensity of both components. Below we describe the models and data used to estimate the retail price effects of the feed-in tariff regulation.
(1)
We analyzed the FIT effect on the wholesale market price (W P t ) in Eq. (1) following the empirical strategy of estimation in differences as Gelabert et al. (2011) and Würzburg et al. (2013) . In addition to the load (∆Load t ) and the electricity generation by energy source (∆M ix t which includes wind, solar, other renewable, cogeneration, combined cycle, nuclear, coal and hydro), we introduce an autoregressive component (∆W P t−1 ) to capture dynamic effects, and an ARCH variance to account for the increasing volatility effects that are observable in the first difference of the W P t series (see Figure 4 ).
The residuals in Eq.
(1) are defined as an autoregressive process where all 1t are of the form 1t = Z t σ 2 1t with Z tv (0,1), and D v (0,1) is the probability density function of the residuals with zero mean and unit variance. Eq. (1.1) represents the variance equation of the ARCH process. The wholesale price data were obtained from market operator (OMEL) and data on electricity generation by energy source were obtained from the transmission system operator (REE). Following the same empirical strategy as in the ∆W P t model, for the analysis of the feed-in tariff costs the estimation is performed in differences with a lag dependent variable ∆F IT C t−1 . Eq. (2) represents the change in the cost of the FIT per unit of electricity consumption (∆F IT C t ) capturing the effect from change in the composition of electricity production by different sources (wind, solar, small hydro, other renewable, and cogeneration) covered through the FIT system (∆M ix t ). Unlike in the case of ∆W P t , the ∆F IT C t variance (despite its volatility which is high but not increasing, see Figure 5 ) does not follow an ARCH process. However, the ∆F IT C t series does follows a moving-average process of first order, for this reason we introduce 2t−1 component.
To obtain the weekly ∆F IT C t the following procedure is used. First, in the same line as Burgos-Payn et al. (2013) , from the CNE statistics 3 on FIT payments we take the yearly amount of Euros by technology devoted to the incentives of firms producing electricity from RES and COG. Second, the yearly amount of Euros per technology is weighted by the daily proportion of their yearly production (Prod-day / Prod-year) and added to obtain the daily cost of FIT. Third, to account for volume differences, we compute the cost of the FITs per unit of electricity consumption (load). Finally, we compute the weekly average. The analysis of effect that the FIT regulation has over electricity retail price (RP t ) is performed through the estimation of Eq. (3), which quantifies the retail price change as a function of changes from both the cost of the incentive to electricity generation under the FIT and the wholesale price of electricity. To capture dynamic effects an autoregressive term (RP t−1 ) was introduced in the model. W P t is the estimated weekly average of the (day-ahead) spot market price capturing the effect from the composition of electricity production by energy sources (Eq. (1)). F IT C t is the estimated FIT cost per unit of electricity consumption capturing the effect from the electricity production by RES and COG (Eq. (2)).
According to the Spanish price design, the industrial retal price (RP, excluding taxes) is the result of adding the Access Tariff (AT ), the Net Retail Margins (NRM ) and the Wholesale Cost (WC ). The AT data comes from Spanish national regulatory agency the National Commission of Markets and Communications (by its acronym in Spanish CNMC, previously 4 In practice it is possible to obtain the payments by both as a direct tariff or as a premium over the market price, here we use the total resources (the FITC) because captures the overall cost of the policy.
named National Commission of Energy, CNE) reports on monitoring the retail market 5 . The NRM, obtained from the same source, were computed quarterly by the CNMC based on two forward purchasing strategies by retailers (see (CNE, 2013) ). We follow the same methodology for one forward purchasing strategy to approach their WC on rolling basis; using weekly, monthly and quarterly contracts (see Appendix for additional details on the RP proxy) 6 . In order to develop comprehensive empirical estimations weekly data for the period between April 2010 and June 2012 is used (116 weeks). The selection of this period is motivated by data availability. Figure 6 shows the industrial retail price in first differences. Finally, it is importan to highlight that in all three equations the seasonality is controlled using fourth set of dummies variables: yearly (∆Y t ), quarterly (∆Q t ), monthly (∆M t ), and weekly (∆W t ) dummies. Table 1 shows the summary statistics of the data used. While all prices and cost (RP, WP and FITC) are measured in A C/MWh, all electricity volumes are measured in GWh. More precisely we used the CNMC access tariff for the average industrial consumer according to the RD 110/2007 consumers classification. 6 As pointed out in CNE (2013) and Ofgem (2008) , firms can employ a range of hedging strategies and these may change over time. For practical purposes we used one of the two purchasing strategies employed by the CNMC for industrial consumers. In the dynamic strategy we used, the supplier buys during remaining time before the rolling period ends to cover the delivery, while in the other strategy the portfolio length is uniformly distributed through the products within the rolling period. Given that our model is in first differences and capture long-term effects, results are expected to be consistent to the use of different strategies. Once described the models and data used, we present the stationarity analysis of the series. We performed two test, first, the augmented Dickey-Fuller (ADF) test (Dickey and Fuller, 1979) under the null hypothesis of a unit root and, second, the Kwiatkowski-Phillips-SchmidtShin (KPSS) tests (Kwiatkowski et al., 1992) under the null hypothesis of stationarity. While results of ADF test (see Table 2 ) in levels indicate that, we cannot reject the null hypothesis of a unit root in WP, FITC or RP at any reasonable level of significance, results in first differences indicate that we can reject the null hypothesis of a unit root for all three series. In addition, KPSS results in levels indicate that we can reject the null hypothesis of stationarity in WP, FITC and RP in any case, and in first difference that we cannot reject the null hypothesis of stationarity at 1% level of significance. Both tests confirm that WP, FITC and RP weekly series are stationary in first differences so we estimate the models in first differences 7 . 
Results
Given that the effects from FIT regulation come through the proportion and type of renewable sources in the energy mix, three set of estimations are perform for each equation with different aggregations of the electricity mix. While in Set 1 a single variable captures the electricity generated under the FIT system (SR), in Set 2 we distinguish between renewable (RES) and cogeneration (COG) under the FIT system, and in Set 3 the renewable sources are disaggregated in Wind, Solar, Small Hydro, and Other Renewable. In addition to electricity generated under the FIT system, other main technologies of the energy mix are introduced in the WP equation (Combined Cycle, Nuclear, Coal and Hydro 8 ). Table 3 and Table 4 shows the results of the three maximum likelihood estimations with robust standard errors for the ∆W P t (Eq. (1)) and ∆F IT C t (Eq. (2)), respectively. We first present results from all estimations with the short-run analysis. This is followed by a summary and comparison between short-run and long-run implications.
In general, results from the WP equation are consistent with those of previous studies; the introduction of RES exerts a downward pressure on the wholesale price of electricity. At an aggregated level (Set 1), results indicates that in the short-run one additional GWh of electricity generated under the FIT system (SR) decrease the WP (Table 3 ) in the magnitude of 1.13 A C/MWh (-2.61%) and increase the FITC (Table 4) on 2.08 A C/MWh (4.35%). When separating renewable from cogeneration (Set 2) results for renewable are very similar to the aggregated FIT system, showing that an additional GWh of renewable production decrease the WP in 1.09 A C/MWh (-2.53%) and an increase in 2.07 A C/MWh of the FITC (4.33%).
The renewable sources are disaggregated in the last group of estimations (Set 3). Results shows that one additional GWh of wind production decrease the WP in the magnitude of 1.11 A C/MWh (-2.56%) and increase the FITC in 2.22 A C/MWh (4.66%). In the case of solar production, an additional GWh decrease the WP 2.51 A C/MWh (-5.80%) and increase 9.94 A C/MWh the FITC (20.79%). Finally, cogeneration results shows that one additional GWh of its production decrease the WP around 2.64 A C/MWh (-6.12%) and increases 4.62 A C/MWh the FITC (9.67%).
8 Given that small hydro generation is part of the RES under the FIT system, to avoid double imputation of small hydro in the mix, only big hydro generation was introduced as additional control in the first two estimations of the WP. Furthermore, to avoid multicolineality problems coming from the high correlation between small and big hydro, total hydro was introduce in the third estimation of the WP. Note: Robust standard errors are in parentheses. * Significant at 10%, ** Significant at 5%, *** Significant at 1%. The 51 weekly dummies were excluded from the wholesale price seasonality to allow the optimization of the ARCH process. Note: Robust standard errors are in parentheses. * Significant at 10%, ** Significant at 5%, *** Significant at 1%.
The other coefficients of the remaining explanatory variables are very similar across specifications. Besides, as measure of the statistical estimates reliability Table 3 and Table 4 shows the relative standard deviation (RSD) and the standard deviation (SD) of residuals, respectively. Decreasing value of both indicators with higher desaggregations of the electricity mix (from Set 1 to Set 3), confirms the adequacy and relevance of technology consideration in the context of this study. Furthermore, the models goodness of fit are very high as can be seen in Figure 7 and Figure 8 showing the observed and predicted values from Eq.(1) and Eq.(2), respectively. As a robustness check, when re-estimating the WP model including the gas price as an additional control, the effect is positive but not significant, and the rest of estimated coefficients remain unchanged. This not significant result might comes from the fact that gas price effect it is captured, at least partially, by the combined cycle contribution into the electricity mix. Once considered the effect of electricity produced under the FIT regulation over the WP and FITC, the overall impact of the FIT regulation on retail price will ultimately depend on the relative intensities of the effects exerted through WP and FITC. This analysis is performed through the estimation of the Eq. (3) for industrial consumers using the predicted values of WP and FITC resulting from previous estimations.
Given that W P t and F IT C t are both function of the energy mix some worries might arise on effect over the retail price equation from the potentially high correlation between them. Nonetheless, the correlation between the two estimated variables is -0.1318 for results in Set1, -0.1321 in the Set2, and -0.1507 in the Set3. Results from estimations of Eq. (3) are presented in Table 5 . Note: Robust standard errors are in parentheses. * Significant at 10%, ** Significant at 5%, *** Significant at 1%.
In general, all estimations indicate that the short-run effects from changes in WP and FITC on the RP change are small and similar. At an aggregated level (Set 1), results shows that an increase of 1 A C/MWh in the WP and the FITC leads to increase the RP in 0.0337 A C/MWh and 0.0344 A C/MWh respectively. Combining the estimated effects from Eq.(1) and Eq.(2) over the WP and the FITC with these retail price effects 9 we obtain that, from one additional GWh of production under the FIT system (9% more) the RP increase in 0.042%. When separating renewable from cogeneration (Set 2), results are very similar showing that increase of 1 A C/MWh in the WP and the FITC leads to increase the RP in 0.0306 A C/MWh and 0.0283
9 The final short-run effect on the RP from one additional GWh of production is calculated as follows:
A C/MWh respectively. Hence, an extra GWh of renewable production (13.2% more) increase the RP in the short-run in 0.031%.
Finally, when renewable sources are disaggregated (Set 3), results shows that an increase of 1 A C/MWh in the WP and the FITC increases the RP in 0.0366 A C/MWh and 0.0373 A C/MWh respectively. Therefore, short-run one additional GWh in the case of wind (18.7% more) increase the RP in 0.053%, and in the case of solar (93.2% more) increase the RP in 0.349%.
As in previous models, using the standard deviation (SD) of residuals (see Table 4 ) as measure of the statistical estimates reliability, we observe that is has decreasing value with higher disaggregation of the electricity mix (from Set 1 to Set 3). Besides, the retail price model goodness of fit is very high as can be seen in Figure 9 showing the observed and predicted values from the retail price equation. Estimated coefficients from lagged dependent variables were used compute the long-run effects 10 . A summary of the short-run and long-run effects FIT regulation in the average WP, FITC and RP are presented in Table 6 . In the case of the long-run effects it is interesting to highlight that they decrease for WP and FITC with respect to those in the short-run, the effect of one additional GWh of production under the FIT system over the WP and the FITC is stronger in the short than in the long-run (β 1 and λ 1 are negative). The opposite happened in for the RP, in the long-run the effect of additional production under the FIT system increase with respect to those observed in the short-run (α 1 is positive). 
Discussion and policy implications
In this study we analyzed the effects that feed-in tariff regulation has on Spanish electricity retail prices. This analysis is performed by quantifying the relative effects of the cost of the incentives for electricity generation under the FIT and the electricity wholesale price on the industrial retail price.
At an aggregated level, results confirms that an increase of about 9% of the total production under the FIT system leads to a decrease of 2.61% of the WP and an increase of 4.35% of the FIT cost (FITC). Regarding final industrial consumers, the previous mentioned effects over WP and FITC are translated into a 0.042% increase of the average retail price. These results, although illustrative, must be carefully interpreted because do not take into account the effect from different technologies.
One interesting finding from this study is that the effects from one additional GWh of solar production on the WP and on the FITC is stronger than the effects from wind. In the case of the WP this seems to be the confirmation of the differentiated effect from the fact that
both technologies make different contributions of electricity to the system during the day, characterized by different demand profiles. Even though solar contribution to the energy mix is relatively small (less than 5% in average), given that it is available during peak hours, the downward pressure that exerts over the WP is stronger than the one from wind with a higher penetration (around 20%) but relatively stronger during off-peak hours. Nevertheless, this would need a further evaluation using hourly data. In the case of FITC the stronger effect from solar it is much more straightforward, it is capturing the extremely high FIT incentive in terms of A C/MWh devoted to this technology.
Regarding the final impact on industrial retail price from previous mentioned result, the effect of one additional GWh solar production is 6.6 higher that the effect coming from wind in the short-run and 7.6 higher in the long-run. When looking at these effects, it is important to highlight that one additional GWh of solar would imply increasing 93.2% its average generation while in the case of wind it would represent only an 18.7%. To place these results into perspective, we compute the effects from a 10% increase of the average production from both technologies on the average retail price. Result indicates that a 10% increase of solar generation leads to an increase in the retail price which it is actually only 1.5 higher that the effect coming from 10% more wind.
With respect to the small magnitude of the retail price effects, it has been recently pointed out by the European Commission that, in an open and competitive retail market the pricing signals should provide a strong link between the retail and wholesale market, and the final consumers would then be able to adapt their economic decisions in line with the supply and demand fundamentals. These conditions are rarely met in todays retail markets in the EU (EC, 2014) . From our analysis we conclude that there is not a strong link between the retail and wholesale market for Spanish industrial consumers. This is possible the consequence of a variety of factors and barriers that are limiting the retail market competition, and hence, preventing final consumers from facing the potential welfare effects resulting of both, the competitive wholesale market in which the feed-in tariff regulation it is exerting an price suppressing effect, and the cost of financing this renewable promotion mechanism.
From the above discussion it is apparent that, first, such regulations has implications above and beyond the specific goals they were designed to achieve. Those responsible for introducing regulations therefore need to be painstaking in their efforts when evaluating these implications so as to anticipate their potentially negative effects. Second, measures to improve the retail market competition are need. To split retails from vertically related operator might help in this direction, as well as, the deployment of smart meters with bidirectional information technology and the equipment handled by retailers -instead of distributors as in the current system.
Traber, T. and C. Kemfert (2009). Impacts of the german support for renewable energy on electricity prices, emissions, and firms. The Energy Journal 30 (3).
Traber, T. and C. Kemfert (2011) . Gone with the wind? electricity market prices and incentives to invest in thermal power plants under increasing wind energy supply. Energy Economics 33 (2), 249-256.
Würzburg, K., X. Labandeira, and P. Linares (2013) . Renewable generation and electricity prices: Taking stock and new evidence for germany and austria. Energy Economics 40 (1), S159-S171.
Appendix
Eq.(A0) represents the weekly Retail Price (RP ) proxy as the result of adding the Access Tariff (AT ), Net Retail Margins (NRM ) and the Wholesale Cost (WC ).
The AT data comes from Spanish national regulatory agency (CNMC, previously named CNE) reports on monitoring the retail market 11,12 . The NRM, obtained from the same source, were compute quarterly by the CNMC based on two forward purchasing strategies by retailers (see CNE (2013) ). We follow the same methodology for one the forward purchasing strategy to approach their WC on rolling basis, but with weekly frequency. Below we explain first the actual dynamics of the Spanish future market products we used (weekly, monthly and quarterly), and second, the suppliers forward purchasing strategy used to compute the WC.
Spanish future market products
There are three products from the Spanish future market that we use to compute the WC based on the suppliers forward purchasing strategies; quarterly, monthly and weekly base load forward contracts. Each contract name corresponds to the delivery period, for instance Q4 is a contract delivered during the fourth quarter of the year (M1 is delivered during the first month, and W2 is delivered during the second week). The three products not only differed on the length of delivery, but also on the time between their first trading day and delivery period. As shown in Figure A1 , while the first trading day of quarterly products starts one year before the delivery of the first quarter, for monthly products the first trading day is the first day one quarter before the quarter holding the month, and for weekly products is the first day three weeks before the delivery week. More precisely we used the CNMC access tariff for the average industrial consumer according to the RD 110/2007 consumers classification. 12 The AT includes the cost of transmission and distribution networks, market system interruptibility, extrapeninsular cost, special regime, and a portion of previous years imbalance between regulated income and costs, among others. In Spain, systematically the AT do not cover all the regulated costs.
Suppliers forward purchasing strategy
We use the same methodology as CNMC for the forward purchasing strategy, consisting on combining products with different lengths. To obtain higher frequency for the WC, in addition to the monthly and quarterly contracts used by the CNMC, we also take into consideration the weekly contracts. The strategy is a combination of weekly, monthly and quarterly products bought on rolling bases. Therefore, after computing the price for the three alternative products, we combined them to obtain the weekly WC by taking the average price of the three products during each week.
In this dynamic and rolling base strategy, the supplier buys during remaining time before the rolling period ends to cover the delivery. Hence, the price for each product is the resulting from covering one week ahead the delivery for each of the time horizons within the rolling period, weighted by the number of horizons remaining before the rolling period ends.
In the case of quarterly products, the price with this purchasing strategy is the resulting from covering one week ahead the delivery for each of the four quarter within the rolling year, weighted by the number of quarter remaining before the rolling year ends. Figure A2 provides the example of the purchasing strategy for Q4. The price of the coverage corresponding to Q4 is represented in Eq.(A1).
P (Q4Y ) = P 1W (Q1Y ) * 4 + P 1W (Q2Y ) * 3 + P 1W (Q3Y ) * 2 + P 1W (Q4Y )/10 (A1) Figure A2 : Strategy for quarterly products (Q4 example)
With monthly products, as in the case explained before, the price is the resulting from covering one week ahead the delivery for each of the three months within the rolling quarter, weighted by the number of month remaining before the rolling quarter ends. Figure A3 provides the example of the purchasing strategy for M12, and the price of the coverage corresponding to that month is represented in Eq.(A2).
P (M 12) = P 1W (M 10) * 3 + P 1W (M 11) * 2 + P 1W (M 12)/6 (A2) Figure A3 : Strategy for monthly products (M12 example)
In the case of weekly contracts (see Figure A4 ) there are four weeks to be cover within each rolling month. Hence, following this strategy, the price corresponding the week 52 will be as represented in Eq.(A3).
P (W 52) = P 1W (W 49) * 4 + P 1W (W 50) * 3 + P 1W (W 51) * 2 + P 1W (W 52)/10 (A3) Figure A4 : Strategy for weekly products (W52 example)
After computing the price for the three alternative products that can be buy by retailers to cover their supply each week, we combined them to obtain the WC by taking the average price for each week during the sample period. The WC corresponding to the example explained above as represented in Eq.(A4).
W C(W 52) = P (Q4Y ) + P (M 12) + P (W 52)/3 (A4)
Finally, we combined the WC with the corresponding Net Retail Margins (NRM) (under the same purchasing strategy and time period), and the Access Tariff (AT) to compute the weekly Retail Price (RP). Eq. (A5) represents the retail price for the example week explained above:
RP (W 52) = AT (Q4) + N RM (Q4) + W C(W 52) (A5)
